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Crop Science/ Original Article
Accumulation and efficiency of 
nutrient use in crop systems in 
second crop under no-tillage
Abstract – The objective of this work was to evaluate phytomass production, 
nutrient cycling, and efficiency of nutrient use by single and intercropped crop 
systems, in the second crop, under no-tillage. The experiment was carried out 
during the second crop of 2014 and 2015 in the Cerrado biome of the state 
of Mato Grosso, Brazil, in a randomized complete block design, with nine 
treatments and four replicates. In 2014, the systems were evaluated at 63, 93, 124, 
and 157 days after sowing; and, in 2015, they were evaluated at flowering and 
senescence. The concentrations of nitrogen, phosphorus, potassium, calcium, 
and magnesium were determined. In 2014, the single crop systems Urochloa 
ruziziensis, Cajanus cajan, and Pennisetum glaucum showed the largest 
accumulations of phytomass and nutrients. In 2015, the intercropped systems 
showed the largest accumulations of phytomass, the largest nutrient cycling, and 
the highest nutrient use efficiency. In the no-tillage crop systems, U. ruziziensis, 
either in single cultivation or intercropped with corn and sunflower, increased 
phytomass. The most efficient systems for the use of all nutrients, in the Cerrado 
of Mato Grosso, are the intercropping of sunflower with U. ruziziensis, corn 
with U. ruziziensis, and corn with Crotalaria spectabilis.
Index terms: Cerrado, cover crop, macronutrient, nutrient cycling, soybean.
Acúmulo e eficiência no uso de 
nutrientes em sistemas de produção 
de safrinha em plantio direto
Resumo – O objetivo deste trabalho foi avaliar a produção de fitomassa, a 
ciclagem de nutrientes e a eficiência no uso de nutrientes em sistemas de 
cultivo solteiros e consorciados, na safrinha, em plantio direto. O experimento 
foi realizado durante a segunda safra de 2014 e 2015, no bioma Cerrado do 
estado de Mato Grosso, Brasil, em delineamento de blocos ao acaso, com 
nove tratamentos e quatro repetições. Em 2014, os sistemas foram avaliados 
aos 63, 93, 124 e 157 dias após a semeadura; e, em 2015, foram avaliados 
ao florescimento e à senescência. Determinaram-se as concentrações de 
nitrogênio, fósforo, potássio, cálcio e magnésio. Em 2014, os sistemas 
solteiros Urochloa ruziziensis, Cajanus cajan e Pennisetum glaucum 
apresentaram os maiores acúmulos de fitomassa e nutrientes. Em 2015, os 
consórcios apresentaram os maiores acúmulos de fitomassa, a maior ciclagem 
de nutrientes e a maior eficiência no uso dos nutrientes. No sistema plantio 
direto, U. ruziziensis, solteiro ou consorciado com milho e girassol, aumentou 
a fitomassa. Os consórcios mais eficientes quanto ao aproveitamento de 
todos os nutrientes, no Cerrado de Mato Grosso, são os de girassol com 
U. ruziziensis, milho com U. ruziziensis e milho com Crotalaria spectabilis.
Termos para indexação: Cerrado, cultura de cobertura, macronutriente, 
ciclagem de nutrientes, soja.
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Introduction
Modern agriculture advocates an increase of 
efficiency for the use of water and energy resources, to 
which it enables technologies for a better use of mineral 
fertilizers applied to crops. No-tillage system (NTS) 
represents a set of techniques capable of exploiting 
the efficiency of agricultural production models by 
promoting synergies between the emerging properties 
of the soil-plant-atmosphere complex. The constant 
supply of phytomass by cover crops, either in rotation 
or succession in the second crop, promotes the inter- 
and intra-specific interactions of plant and animal 
species in this complex, enhancing the fertility, physics, 
and microbiology of soil (Wang et al., 2017). These 
interactions are propitious to the nutrient transformation 
processes that are extracted by the cover crops, in the 
chemical phase of the soil deep layers, which are not 
liable to be absorbed by the economic interest crops and 
are relocated in the organic fraction by the synergistic 
processes of phytomass decomposition (Assmann et al., 
2017; Pissinati et al., 2018).
The knowledge on the intrinsic characteristics of 
cover crops as to the dynamics of phytomass production, 
during the second crop, is a determining factor for the 
contribution of nutrient amounts to the subsequent crop 
(Pacheco et al., 2017). For this purpose, the amount 
stratification of these nutrients in the stems and leaves 
and of the periods between flowering and senescence 
is essential to determine both the extraction potential 
and the quantity of nutrient that will be made available 
to the successor crops. Thus, there is an efficiency of 
energy resources by reusing of nutrients by cycling 
which will promote the plant development, without 
causing nutritional deficiency for a greater crop health. 
There is also a greater use of water resources, since 
well-nourished plants develop more vigorous root 
systems to withstand stress periods and, consequently, 
there is a synergism between the emerging properties 
in the productive systems to increase productivity 
(Pacheco et al., 2017; Malhi et al., 2018).
With constant phytomass under the ground, there 
is also a synergism between organic matter (OM) and 
soil animal group, which causes this organic material 
to deteriorate until it is liable for decomposition by 
the edaphic microorganisms (Cunha et al., 2015). As 
phytomass is brought to the soil by second crop systems, 
aiming at a floristic diversification, the nutritional 
diversity in the soil is also guaranteed, since various 
plant materials accumulate nutrients in different 
amounts and release them this way (Mendonça et al., 
2015). This nutrient availability occurs in synergy 
with a greater microbiological activity that promotes 
high-quality OM accumulation and the transformation 
of nutrients from organic to mineral form, and 
synchronizing the absorption by the successor culture 
(São Miguel et al., 2018). This way, the use of mineral 
fertilizers and production costs for rural producers 
are reduced and, by implementing and maintaining a 
conservation system, it will create a stable environment 
for high productivity over time (Caruso et al., 2018; 
Semenov et al., 2019; Neal et al., 2020).
The diversification of cover crops in agricultural 
systems enhances the soil physical, chemical, and 
biological soil properties by the varied root systems 
that break the compacted layers, by absorbing and 
cycling the nutrients at greater soil depths, promoting 
rhizospheric interactions that result in the allocation of 
nutrients in the organic fraction from soil (Arai et al., 
2018). Assessing the dynamics of nutrient release, that 
are under the soil surface in the form of phytomass, 
is essential for the advancement of knowledge on the 
nutrient cycling in agricultural systems (Sarker et al., 
2018).
The objective of this work was to evaluate the 
phytomass production, nutrient cycling, and efficiency 
of nutrient use by single and intercropped systems, in 
the second crop, under no-tillage.
Materials and Methods
The experiment was carried out at the Universidade 
Federal de Mato Grosso, in the municipality of 
Rondonópolis, in the state of Mato Grosso, Brazil 
(16º27'42"S, 54º34'53"W, at 292 m altitude), during 
the 2014 and 2015 crop years, which were the second 
and third years of cultivation. The vegetation of the 
region is a typical of the Cerrado biome. The soil of the 
area was classified as Latossolo Vermelho distrófico 
(Santos et al., 2014), which corresponds to an Oxisol, 
with flat relief. The climate is CwA, tropical with 
hot humid altitude according to the Köppen-Geiger’s 
classification (Souza et al., 2013). Precipitation 
and maximum and minimum temperatures of the 
experimental period are shown in Figure 1.
Before the experiment installation, the area was 
cleaned, followed by plowing and harrowing, with 
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manual removal of roots. Then, soil was sampled for 
chemical and textural characterization (Table 1). On 
08/10/2013, liming (4,000 kg ha-1) was performed with 
limestone filler (PRNT 99.02%) and incorporated with 
plow harrow and leveling harrow.
The experiment was carried out in a randomized 
complete block design with nine crop systems as 
treatments, and four replicates in 7×9 m experimental 
units. In all crop systems, during the harvest period, 
soybean was grown in succession to cover crops. The 
experiment was installed in the second crop, with 
annual grains – corn, sunflower, and cowpea (Vigna 
unguiculata), and the cover crops Pennisetum glaucum, 
Urochloa ruziziensis, U. brizantha, Crotalaria 
breviflora, Crotalaria spectabilis, Cajanus cajan, and 
Stylosanthes capitata + Stylosanthes macrocephala 
(Table 2).
In the second crop of 2014, the systems were deployed 
on February 20th and, in 2015, on March 4th. The cover 
crops for single cultivation systems were sown in 0.45 m 
row spacing and, for intercropped systems (corn 
and sunflower), crops were sown between the lines. 
Fertilizing of annual crops sown in second crop (corn, 
Figure 1. Monthly precipitation and minimum and maximum air temperature during the experimental period, in the 
municipality of Rondonópolis, in the state of Mato Grosso, Brazil.
Table 1. Chemical and textural characteristics of Oxisol before the experimental installation.
Depth 
(m)
pH P K Ca Mg H+Al T V OM Sand Silt Clay
CaCl2 ----- (mg dm-3) ----- ---------------- (cmolc dm-3) ---------------- (%) -------------------- (g kg-1) --------------------
0.00–0.10 4.1 5.4 55 0.5 0.2 6.8 7.6 11 17.6 450 125 425
0.10–0.20 4.0 1.4 49 0.2 0.2 7.2 7.6 5.6 19.9 500 100 400
0.20-0.30 4.1 0.2 31 0.3 0.1 6.2 6.7 7.2 13.7 500 100 400
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cowpea, and sunflower) followed the recommendations 
by Sousa & Lobato (2004). No fertilizer was applied to 
the plots cultivated with single cover crops.
In 2014, cover crops were evaluated for dry matter 
mass at 63, 93, 124, and 157 days after sowing (DAS) 
according to Crusciol et al. (2005). In the second crop 
of 2015, the evaluations of phytomass were performed 
at flowering in April 2015, and after the harvest of crop 
grain (June to July 2015). The plant stand per meter 
was counted, and two plants per stand were collected 
at three points per plot. The leaves were separated 
from the stems to determine the phytomass weights 
per compartment. Then, leaves and stems were taken 
to a forced-air circulation oven at 60ºC, until a constant 
mass was attained, to determine the dry matter mass.
The samples were milled in a Willey type mill (2 mm 
mesh), and the nutrient concentration was determined. 
Nitrogen (N), phosphorus (P), potassium (K), calcium 
(Ca), and magnesium (Mg) were determined following 
the methods proposed by Malavolta et al. (1997).
The stem/leaf ratio (SLR) of accumulated 
macronutrients was determined at flowering (F) 
and senescence (S) by the following equations: 
SLR-F = stem nutrient at flowering / leaf nutrient at 
flowering; SLR-S = stem nutrient at senescence / leaf 
nutrient at senescence
To evaluate the nutrient exports (kg ha-1), the total 
nutrient at flowering was subtracted from the total 
nutrient at senescence, and the export index (ExI) 
was calculated by the following equation: ExI = (total 
nutrient at flowering – total nutrient at senescence) / 
total nutrient at flowering.
The nutrient use efficiency (NUE), based on 
kilograms of grain produced per kilogram of 
exported nutrients, was performed only in systems 
where grain yield (corn, sunflower, cowpea, and P. 
glaucum) was evaluated by the following equation: 
NUE = productivity / (total nutrient at flowering - total 
nutrient at senescence)
The results were subjected to the analysis of 
variance and, when significant, the Scott-Knott’s test 
was performed, at 5% probability, with the aid of the 
Sisvar 5.6 software (Ferreira, 2008) and, later, with the 
Sigma Plot 10.0 software.
Results and Discussion
During the second crop of 2014 (from February to 
November), P. glaucum showed the highest potential 
for phytomass production until 93 days after sowing 
(DAS), and U. ruziziensis stood out at 157 DAS 
(Figure 2). The fastest growth and phenological 
development of P. glaucum occurred with the onset 
of the earliest senescence phase, but, due to its 
faster development, there was a sharp decrease in 
the posterior evaluations of phytomass. However, U. 
ruziziensis showed slow initial growth, intensifying 
its development in the final of the season, through 
regrowth after the initial summer rains. According to 
Marcante et al. (2011), P. glaucum growth fast because 
it is well adapted to low-fertility soils, besides having 
high nutrient extraction capacity due to its extensive, 
fasciculated root system that expands for greater 
absorption.
The species P. glaucum, U. ruziziensis, and 
C. cajan showed the highest potentials to promote 
nutrient accumulation in their phytomass, during the 
second crop and off-season (Figure 2). The correlation 
between phytomass production and nutrient 
accumulation showed that the amount of phytomass 
production is crucial to increase the effect of nutrient 
cycling by cover crops. Thus, it is evident that positive 
effects of phytomass production of P. glaucum (at 
the beginning of the off-season) and of the perennial 
species U. ruziziensis and C. cajan (at the end of the 
off-season) occurred on the nutrient accumulation.
Nutrient accumulation levels in the second crop of 
2014 were significant, especially K (up to 140 kg ha-1), N 
(up to 70 kg ha-1), and Ca (up to 45 kg ha-1). It is important 
to highlight the potential of C. cajan in the N cycling, as 
it is a legume with efficiency for the biological fixation 
of this element. This species also stood out for Ca, 
which may be related to its perennial habit and shrub 
architecture, with greater demand for this element in 
its structural cells (parenchyma). The accumulated 
Ca value is in agreement with that found by Almeida 
& Camara (2011). This higher accumulation of Ca by 
C. cajan may be linked to the intrinsic characteristics 
of the crop in absorbing this particular nutrient more 
efficiently than other systems from 90 DAS onwards 
and maintaining until the end of its cycle.
A positive effect on the phytomass production 
occurred in the most diverse treatments through 
intercropping and cover crops (corn + C. spectabilis; 
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Table 2. Stem/leaf ratio (SLR) of accumulated macronutrients in the stem and leaf phytomass of the cover crops at flowering 
and senescence of second crop, in 2015(1).
Crop system SLR-N SLR-P SLR-K SLR-Ca SLR-Mg
Flowering
Fallow, no-tillage 4.50a 9.31a 4.38b 19.36a 4.68b
Fallow, conventional tillage 5.08a 8.07a 9.42a 12.65b 7.09a
Crotalaria spectabilis 0.86b 1.18c 1.33d 1.10d 1.22c
Corn + Crotalaria spectabilis 1.28b 1.28c 1.11d 4.43c 1.61c
Pennisetum glaucum 4.07a 4.17b 2.28c 14.25b 5.57b
Urochloa ruziziensis 0.86b 1.24c 1.39d 1.00d 1.83c
Sunflower+Urochloa ruziziensis 0.97b 1.87c 2.52c 0.91d 2.52b
Vigna unguiculata 0.64b 1.85c 1.76d 0.43d 0.95c
Corn+Urochloa ruziziensis 1.14b 2.04c 2.91c 5.28c 3.07b
Coefficient of variation (%) 10.69* 11.76* 13.27* 11.86* 12.23*
 Senescence
Fallow, no-tillage 3.88a 2.93b 2.49d 5.96b 1.60c
Fallow, conventional tillage 1.74c 3.45b 4.36b 3.72c 4.08b
Crotalaria spectabilis 5.25a 10.52a 5.41a 7.48a 10.04a
Corn + Crotalaria spectabilis 1.59d 2.83b 3.49c 2.73c 3.52b
Pennisetum glaucum 1.96c 1.62c 1.07e 8.07a 2.92b
Urochloa ruziziensis 1.31d 1.75c 1.31e 0.43d 1.13c
Sunflower + Urochloa ruziziensis 2.29c 2.80b 2.95c 3.79c 3.73b
Cowpea (Vigna unguiculata) 0.89d 0.63d 1.25e 0.34d 0.59c
Corn+Urochloa ruziziensis 2.25c 4.35b 3.84c 7.84a 3.05b
Coefficient of variation (%) 20.25 10.99* 22.10 24.14 25.25
(1)Means followed by equal letters, in the columns, do not differ by the Scott-Knott’s test, at 5% probability. *Coefficient of variation of transformed data 
[(√x + 1)0.5].
corn + U. ruziziensis; sunflower + U. ruziziensis) in 
both the flowering and senescence phase of crops, 
during the second crop of 2015 (Figure 3). Species 
diversification may favor the best use of natural 
resources (water, nutrients, carbon dioxide, and solar 
radiation) for conversion to phytomass production, 
even after harvesting annual crop grains.
The results of nutrient accumulation reaffirm 
the importance of the produced phytomass amount 
as a decisive factor to promote nutrient cycling 
in agricultural systems. Annual crop and cover 
crops (corn + C. spectabilis; corn + U. ruziziensis; 
sunflower + U. ruziziensis) stood out in most of the 
evaluated nutrients, both during flowering and after 
plant senescence (Figures 3 and 4). It is important to 
highlight sunflower + U. ruziziensis intercropping as 
an important tool in nutrient cycling, as it results in 
significant amounts of nutrients in their phytomass 
production, even after plant senescence. These results 
are explained by the high absorption and metabolism 
of nutrients by sunflower plant tissues. Furthermore, 
the sunflower have a plant architecture that favors 
the development of U. ruziziensis, as it allows greater 
infiltration of solar radiation by the canopy during the 
intercropping period.
It is important to highlight that the phytomass 
production of sunflower + U. ruziziensis remained 
around 12,000 kg ha-1 in both flowering and 
senescence (Figure 3). This permanence is due to 
the low translocation of photoassimilates to the grain 
filling characteristic of sunflower. It is also noted that 
the proportion of sunflower stems from one season 
to another remained the same, but the senescence 
of leaves decreased; thus, the maintenance of the 
same amount of phytomass was by provided by U. 
ruziziensis development. The contribution of the 
intercropping culture is essential for the maintenance 
of the phytomass and nutrient input to the soil for the 
successive crop, because it keeps the soil microbiota 
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active during the whole off-season, which contributes 
to the system balance (Luo et al., 2020). Intercropping 
is also important for increasing phytomass production 
(Forte et al., 2018).
Figure 2. Phytomass production (A) and accumulation of nitrogen (B), phosphorus (C), potassium (D), calcium (E), and 
magnesium (F), in cultivation systems with cover crops at 63, 93, 124 and 157 days after sowing (DAS), in the second 
crop, in 2014. Crop systems: 1, fallow, no-tillage; 2, fallow, conventional tillage; 3, Crotalaria spectabilis; 4, Crotalaria 
breviflora; 5, Pennisetum glaucum; 6, Urochloa ruziziensis; 7, Cajanus cajan; 8, Stylosanthes; 9, Urochloa brizantha. 
Means followed by equal letters, in the bars, do not differ, by the Scott-Knott’s test, at 5% probability.
Accumulation and efficiency of nutrient use in crop systems 7
Pesq. agropec. bras., Brasília, v.56, e01879, 2021
DOI: 10.1590/S1678-3921.pab2021.v56.01879
Figure 3. Phytomass production at flowering (A) and senescence (B), and accumulation of nitrogen and phosphorus – 
at flowering (C, and E), and at senescence (D, and F), respectively –, in the second crop, in 2015. AC, annual culture; 
CC, cover crop. Crop systems: 1, fallow, no-tillage; 2, fallow, conventional tillage; 3, Crotalaria spectabilis; 4, corn and 
Crotalaria spectabilis; 5, Pennisetum glaucum; 6, Urochloa ruziziensis; 7, sunflower + Urochloa ruziziensis; 8, Cowpea 
(Vigna unguiculata); 9, corn and Urochloa ruziziensis. Means followed by equal letters, in the bars, do not differ, by the 
Scott-Knott’s test, at 5% probability.
In the second crop of 2015, it was possible to observe 
a higher nutrient accumulation in the stems of annual 
and cover crops; this fact intensified at senescence, 
when the accumulation in stems was even higher in 
leaves in most treatments (Figure 3). Treatments with 
cowpea, sunflower + U. ruziziensis, and single U. 
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ruziziensis showed a higher nutrient accumulation in 
leaves than in stems during flowering. However, at 
senescence, nutrient accumulation was the same of 
other annual and cover crops. Santos et al. (2017) also 
found a higher leaf dry mass production than stems of 
U. brizantha in function of N doses during autumn-
Figure 4. Potassium, calcium, and magnesium accumulation at flowering (A, C, and E, respectively), and at senescence (B, 
D, and F, respectively), in the second crop, in 2015. AC, annual culture, CC, cover crop. Crop systems: 1, fallow no-tillage; 2, 
fallow conventional tillage; 3, Crotalaria spectabilis; 4, corn + Crotalaria spectabilis; 5, Pennisetum glaucum; 6, Urochloa 
ruziziensis; 7, sunflower + Urochloa ruziziensis; 8, Cowpea (Vigna unguiculata); 9, corn + Urochloa ruziziensis. Means 
followed by equal letters, in the bars, do not differ, by the Scott-Knott’s test, at 5% probability.
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Table 3. Total exported nitrogen (N), phosphorus (P), potassium (K), calcium (Ca) and magnesium (Mg), between flowering 
and senescence, and exportation index of macronutrients of cover crop phytomass, in the second crop, in 2015(1).
Crop system N P K Ca Mg
Exportation (kg ha-1)
Fallow, no-tillage 11.57e 3.54e 10.48d 6.59c 1.80c
Fallow, conventional tillage 13.08e 3.25e 9.66d 3.66c 0.73c
Crotalaria spectabilis 59.82c 7.33d 24.28d 15.29b 8.89b
Corn + Crotalaria spectabilis 60.83c 17.90a 93.49b 36.07a 14.13a
Pennisetum glaucum 18.64e 18.64a 27.40d 38.95a 9.81b
Urochloa ruziziensis 36.14d 9.81d 49.70c 4.93c -
Sunflower + Urochloa ruziziensis 107.95a 12.56c 231.11a 17.64b 14.13a
Cowpea (Vigna unguiculata) 77.54b 12.65c 64.14c 21.33b 9.02b
Corn+Urochloa ruziziensis 96.14a 14.56b 79.33b 41.90a 12.34a
Coefficient of variation (%) 20.74 21.43 22.87 22.01 19.06
Exportation Index (ExI)
Fallow, no-tillage 0.79a 0.86a 0.84a 0.79a 0.63a
Fallow, conventional tillage 0.75a 0.82a 0.73a 0.68b 0.18b
Crotalaria spectabilis 0.35d 0.26d 0.27d 0.40c 0.39b
Corn +  Crotalaria spectabilis 0.25e 0.48b 0.40c 0.50c 0.33b
Pennisetum glaucum 0.16f 0.47b 0.20d 0.50c 0.31b
Urochloa ruziziensis 0.35d 0.52b 0.35c 0.33d -
Sunflower + Urochloa ruziziensis 0.36d 0.24d 0.50b 0.17e 0.24b
Cowpea (Vigna unguiculata) 0.65b 0.78a 0.77a 0.63b 0.57a
Corn + Urochloa ruziziensis 0.44c 0.40b 0.34c 0.44c 0.29b
Coefficient of variation (%) 11.98 12.83 17.31 18.26 26.39
(1)Means followed by equal letters, in the columns, do not differ, by the Scott-Knott’s test, at 5% probability. ExI = (total nutrient at flowering – total 
nutrient at senescence) / total nutrient at flowering.
winter in Jaboticabal, in the state of São Paulo, Brazil, 
due to climatic conditions that caused a reduction of 
stem elongation. Because of the natural loss of leaves 
at senescence, the presence of stems prevailed, which 
increased the stem/leaf ratio. Only P. glaucum and 
fallows had a higher proportion of flowering stems, 
which led to a lower N export index due to higher 
recalcitrance and, consequently, slower release of this 
nutrient (Table 3).
The present study shows that the phytomass 
produced at flowering is most accumulated during 
de culture cycles, when the apex of crop production 
is attained. However, it should be considered that for 
grain crops in the intercropping, it may not be possible 
to measure the actual amount of nutrients remaining 
in the system, since grains are harvested. Thus, export 
indices that identify these differences are necessary, to 
compare the effects of solute translocation on flowering 
for senescence, and to measure the amount and quality 
of the phytomass actually added to the systems.
The treatment corn + U. ruziziensis accumulated 
approximately 80% Ca on stems at flowering, and 
provided a high stem-leaf ratio together with P. 
glaucum (93%), corn + C. spectabilis (79%), fallow 
with no-tillage (95%), and fallow with conventional 
tillage (92%) (Table 3). These grasses, as well as fallow 
have the most rigid stem walls, and Ca is the nutrient 
that aids in this stiffness because it is the constituent 
of the middle lamella and participates in the formation 
of the cell wall, therefore, it was present in greater 
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quantity in the stems of these treatments. Pacheco 
et al. (2011) found that Cenchrus echinatus infestation 
in direct fallows provided, from 90 to 180 DAS, a 
high C/N ratio due to the proportion of stems in the 
phytomass, which justifies the higher Ca accumulation 
(30.21 kg ha-1) at 90 DAS, against 5.35 kg ha-1 at 60 
DAS. The high C/N ratio of the millet stem provides a 
greater resistance to decomposition, providing longer 
residence time of the phytomass.
At senescence, the treatment sunflower + U. 
ruziziensis translocated 80% of the total accumulation 
in sunflower leaves. However, this translocation was 
balanced by the maintenance of stem Ca and increased 
accumulation by U. ruziziensis, which resulted in a 
translocation of only 20% of total Ca, at flowering 
for senescence (Figure 4). Thus, the index and export 
(kg ha-1) of Ca of sunflower + U. ruziziensis were low 
compared to corn + U. ruziziensis, P. glaucum, and 
corn + C. spectabilis, which exported approximately 
40 kg ha-1. This can be attributed to the role of Ca that 
acts as a secondary messenger and is present in the 
regulation of cell division and transcription processes, 
which caused the leaves to develop more than the 
stems, which resulted in highest accumulation (Taiz & 
Zeiger, 2013). Higher values of Ca were also observed 
on leaves than on sunflower stems, in the order of 
43 g kg-1 at stage R9, which are close to those found 
in the present work (51 g kg-1) in this same phase of 
development (Zobiole et al., 2010).
As to the Mg accumulation, sunflower + U. 
ruziziensis once again stood out in comparison to 
the other treatments, in the two evaluation periods 
(Figure 4). All treatments resulted in higher stem 
accumulation and, consequently, higher stem/leaf 
ratio (Table 2), except for cowpea, that accumulated 
most Mg in its leaves in both evaluations. Zobiole et al. 
(2010) found higher values of sunflower accumulation 
in leaves at all evaluation periods; however these 
evaluations occurred only until flowering, which 
could be inverted in senescence.
Among the grain crops, P. glaucum provided the 
best results of the efficiency of nutrient use (N, K, Ca, 
and Mg) for conversion to grain production, followed 
by corn + U. ruziziensis (P and Mg) and sunflower + 
U. ruziziensis (Mg) (Table 4). It is important to highlight 
that P. glaucum was the only grain crop that was not 
fertilized at sowing, which reinforces the information 
regarding its rusticity in nutrient absorption and 
metabolization, as well as its importance for nutrient 
cycling of a crop system. Soratto et al. (2012) state that 
due to its rapid establishment, rusticity in nutritional 
requirements and short cycle, this species is able to 
extract and make available significant amounts of 
nutrients in a short time, especially N and K.
For the phosphorus use efficiency (PUE), the 
system corn + U. ruziziensis stood out, which 
resulted in a high cycling, when the 14.56 kg of P 
exported (Table 3) were able to produce 2,594 kg ha-1 
Table 4. Grain yield and efficiency in the use (UE) of macronutrients by annual crops, in the second crop, in 2015(1).
Crop system Yield 
(kg ha-1)
Efficiency of use (kg kg-1)
N P K Ca Mg
Fallow, no-tillage - - - - - -
Fallow, conventional tillage - - - - - -
Crotalaria spectabilis - - - - - -
Corn + Crotalaria spectabilis 2,482 17.63b 122.64b 24.04b 53.07a 119.42b
Pennisetum glaucum 2,586 145.17a 134.87b 102.79a 64.53a 255.38a
Urochloa ruziziensis - - - - - -
Sunflower + Urochloa ruziziensis 2,248 18.14b 135.36b 9.39c 43.12b 232.89a
Cowpea (Vigna unguiculata); 550 7.31c 45.38c 8.90c 26.83c 63.88c
Corn + Urochloa ruziziensis 2,594 24.44b 181.90a 28.35 b 62.66a 147.83b
Coefficient of variation (%) 21.88* 28.25* 17.97* 28.85* 18.02* 19.99*
(1)Means followed by equal letters, in the columns, do not differ, by the Scott-Knott’s test, at 5% probability. *Coefficient of variation of transformed 
data (√x + 1)0.5.
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of grain, with an efficiency of 181.90 kg grain per 
kg of exported nutrient (Table 4). This system, like 
the other intercrops, was fertilized with 100 kg ha-1 
of MAP; however, its efficiency was higher than 
the inserted fertilization. Regarding the efficiency 
in the use of magnesium (MgUE), P. glaucum and 
sunflower + U. ruziziensis resulted in 255.38 and 
232.89 kg grains per kg of Mg, respectively (Table 4). 
These values are in agreement with the exportation 
made by these treatments of 14.13 kg Mg (Table 4), 
which favored the production of 2,586 and 2,248 
kg ha-1 grain. The use of no-till crop systems with 
crop diversification is effective for accumulation 
and cycling to promote the nutrient efficiency and 
decrease the use of mineral fertilizers.
Conclusions
1. The growing of Urochloa ruziziensis, either 
in single or intercropped cultivation with corn and 
sunflower, increases the phytomass in no-tillage crop 
systems.
2. Pennisetum glaucum cultivated either as single 
crop, or in intercropped with sunflower plus U. 
ruziziensis, corn plus U. ruziziensis, and corn plus + 
Crotalaria spectabilis, is the most efficient crop in the 
use of all nutrients, in the Cerrado of the state of Mato 
Grosso, Brazil.
Acknowledgments
To Conselho Nacional de Desenvolvimento 
Científico e Tecnológico (CNPq), for scholarship 
granted to the first author, for financial support 
(Chamada Universal 14/2012 - Project no. 484801/ 
2012-0), and for the productivity scholarships granted 
to the third, sixth. eighth, and nineth authors; to 
Coordenação de Aperfeiçoamento de Pessoal de 
Nível Superior (Capes), for scholarships granted to the 
second, fourth, and fifth author (Finance Code 001); 
and to Fundação Agrisus – Agricultura Sustentável, 
for financial support (Project no. 1604/15).
References
ALMEIDA, K. de; CAMARA, F.L.A. Produtividade de biomassa 
e acúmulo de nutrientes em adubos verdes de verão, em cultivos 
solteiros e consorciados. Revista Brasileira de Agroecologia, 
v.6, p.55-62. 2011.
ARAI, M.; MIURA, T.; TSUZURA, H.; MINAMIYA, Y.; 
KANEKO, N. Two-year responses of earthworm abundance, 
soil aggregates, and soil carbon to no-tillage and fertilization. 
Geoderma, v.332, p.135-141, 2018. DOI: https://doi.org/10.1016/j.
geoderma.2017.10.021.
ASSMANN, J.M.; MARTINS, A.P.; ANGHINONI, I.; 
DENARDIN, L.G. de O.; NICHEL, G. de H.; COSTA, S.E.V.G. 
de A.; SILVA, R.A.P. e; BALERINI, F.; CARVALHO, P.C. de 
F.; FRANZLUEBBERS, A.J. Phosphorus and potassium cycling 
in a long-term no-till integrated soybean-beef cattle production 
system under different grazing intensities in subtropics. 
Nutrient Cycling in Agroecosystems, v.108, p.21-33, 2017. DOI: 
https://doi.org/10.1007/S10705-016-9818-6.
CARUSO, T.; VRIES, F.T. de; BARDGETT, R.D.; LEHMANN, 
J. Soil organic carbon dynamics matching ecological equilibrium 
theory. Ecology and Evolution, v.8, p.11169-11178, 2018. DOI: 
https://doi.org/10.1002/ece3.4586.
CRUSCIOL, C.A.C.; COTTICA, R.L.; LIMA, E. do V.; 
ANDREOTTI, M.; MORO, E.; MARCON, E. Persistência de 
palhada e liberação de nutrientes do nabo forrageiro no plantio 
direto. Pesquisa Agropecuária Brasileira, v.40, p.161-168, 2005. 
DOI: https://doi.org/10.1590/S0100-204X2005000200009.
CUNHA, T.J. da, MENDES, A.M.S.;   ¬¬GIONGO, V. Matéria 
orgânica do solo. In: NUNES, R.R.; REZENDE, M.O. de O. 
(Org.). Recurso solo: propriedades e usos. São Carlos: Cubo, 
2015. Cap.9, p.273-293.
FERREIRA, D.F. Sisvar: um programa para análises e ensino de 
estatística. Revista Científica Symposium, v.6, p.36-41, 2008.
FORTE, C.T.; GALON, L.; BEUTLER, A.N.; PERIN, G.F.; 
PAULETTI, E.S.S.; BASSO, F.J.M.; HOLZ, C.M.; SANTIN, 
C.O. Coberturas vegetais do solo e manejo de cultivo e suas 
contribuições para as culturas agrícolas. Revista Brasileira 
Ciências Agrárias, v.13, e5501, 2018. DOI: https://doi.org/10.5039/
agraria.v13i1a5504.
LUO, Y.; IQBAL, A.; HE, L.; ZHAO, Q.; WEI, S.; ALI, I.; 
ULLAH, S.; YAN, B.; JIANG, L. Long-term no-tillage and 
straw retention management enhances soil bacterial community 
diversity and soil properties in Southern China. Agronomy, v.10, 
art.1233, 2020.  DOI: https://doi.org/10.3390/agronomy10091233.
MALAVOLTA, E.; VITTI, G.C.; OLIVEIRA, S.A. de. Avaliação 
do estado nutricional das plantas: princípios e aplicações. 2.ed. 
Piracicaba: Potafos, 1997. 319p.
MALHI, S.S.; LÉGÈRE, A.; VANASSE, A.; PARENT, G. 
Effects of long-term tillage, terminating no-till and cropping 
system on organic C and N, and available nutrients in a 
Gleysolic soil in Québec, Canada. The Journal of Agriculture 
Science, v.156, p.472-480, 2018. DOI: https://doi.org/10.1017/
S0021859618000448.
MARCANTE, N.C.; CAMACHO, M.A.; PAREDES, F.P.J. Teores 
de nutrientes no milheto como cobertura de solo. Bioscience 
Journal, v.27, p.196-204, 2011.
MENDONÇA, V.Z. de; MELLO, L.M.M. de; ANDREOTTI, 
M.; PARIZ, C.M.; YANO, É.H.; PEREIRA, F.C.B.L. 
Liberação de nutrientes da palhada de forrageiras 
consorciadas com milho e sucessão com soja. Revista 
Brasileira de Ciência do Solo, v.39, p.183-193, 2015. DOI: 
https://doi.org/10.1590/01000683rbcs20150666.
NEAL, A.L.; BACQ-LABREUIL, A.; ZHANG, X.; CLARK, 
I.M.; COLEMAN, K.; MOONEY, S.J.; RITZ, K.; CRAWFORD, 
J.W. Soil as an extended composite phenotype of the microbial 
metagenome. Scientific Reports, v.10, art.10649, 2020. DOI: 
https://doi.org/10.1038/s41598-020-67631-0.
PACHECO, L.P.; LEANDRO, W.M.; MACHADO, P.L.O. de 
A.; ASSIS, R.L. de; COBUCCI, T.; MADARI, B.E.; PETTER, 
F.A. Produção de fitomassa e acúmulo e liberação de nutrientes 
por plantas de cobertura na safrinha. Pesquisa Agropecuária 
Brasileira, v.46, p.17-25, 2011. DOI: https://doi.org/10.1590/
S0100-204X2011000100003.
PACHECO, L.P.; SÃO MIGUEL, A.S.D.C.; SILVA, R.G. da; 
SOUZA, E.D. de; PETTER, F.A.; KAPPES, C. Biomass yield 
in production systems of soybean sown in succession to annual 
crops and cover crops. Pesquisa Agropecuária Brasileira, 
v.52, p.582-591, 2017. DOI: https://doi.org/10.1590/S0100-
204X2017000800003.
PISSINATI, A.; MOREIRA, A.; SANTORO, P.H. Yield 
components and nutrients content in summer cover plants used 
in crop rotation in no-tillage system. Communications in Soil 
Science and Plant Analysis, v.49, p.1604-1616, 2018. DOI: 
https://doi.org/10.1080/00103624.2018.1474899.
SANTOS, G.O.; FARIA, R.T. de; RODRIGUES, G.A.; SOUZA, 
A. de; DALRI, A.B. Relação folha-colmo de Brachiaria 
brizantha fertirrigada com efluente de esgoto tratado. Ciência & 
Tecnologia: FATEC-JB, v.9, p.11-24, 2017.
SANTOS, H.G. dos; JACOMINE, P.K.T.; ANJOS, L.H.C. 
dos; OLIVEIRA, V.A. de; LUMBRERAS, J.F.; COELHO, 
M.R.; ALMEIDA, J.A. de; CUNHA, T.J.F.; OLIVEIRA, J.B. 
de. Sistema brasileiro de classificação de solos. 4.ed. Brasília: 
Embrapa, 2014. E-book.
SÃO MIGUEL, A.S.D.C.; PACHECO, L.P.; CARVALHO, Í.C.; 
SOUZA, E.D. de; FEITOSA, P.B.; PETTER, F.A. Phytomass and 
nutrient release in soybean cultivation systems under no-tillage. 
Pesquisa Agropecuária Brasileira, v.53, p.1119-1131, 2018. DOI: 
https://doi.org/10.1590/S0100-204X2018001000005.
SARKER, J.R.; SINGH, B.P.; COWIE, A.L.; FANG, Y.; 
COLLINS, D.; DOUGHERTY, W.J.; SINGH, B.K. Carbon and 
nutrient mineralisation dynamics in aggregate-size classes from 
different tillage systems after input of canola and wheat residues. 
Soil Biology and Biochemistry, v.116, p.22-38, 2018. DOI: 
https://doi.org/10.1016/j.soilbio.2017.09.030.
SEMENOV, V.M.; PAUTOVA, N.B.; LEBEDEVA, T.N.; 
KHROMYCHKINA, D.P.; SEMENOVA, N.A.; GERENYU, 
V.O.L. de. Plant residues decomposition and formation of 
active organic matter in the soil of the incubation experiments. 
Eurasian Soil Science, v.52, p.1183-1194, 2019. DOI: 
https://doi.org/10.1134/S1064229319100119.
SORATTO, R.P.; CRUSCIOL, C.A.C.; COSTA, C.H.M. da; 
FERRARI NETO, J.; CASTRO, G.S.A. Produção, decomposição 
e ciclagem de nutrientes em resíduos de crotalária e milheto, 
cultivados solteiros e consorciados. Pesquisa Agropecuária 
Brasileira, v.47, p.1462-1470, 2012. DOI: https://doi.org/10.1590/
S0100-204X2012001000008.
SOUSA, D.M.G. de; LOBATO, E. (Ed.). Cerrado: correção do 
solo e adubação. 2.ed. Planaltina: Embrapa Cerrados, 2004. 416p.
SOUZA, A.P. de; MOTTA, L.L. da; ZAMADEI, T.; MARTIM, 
C.C.; ALMEIDA, F.T. de; PAULINO, J. Classificação climática e 
balanço hídrico climatológico no estado de Mato Grosso. Nativa, 
v.1, p.34-43, 2013. DOI: https://doi.org/10.14583/2318-7670.
v01n01a07.
TAIZ, L.; ZEIGER, E. Fisiologia vegetal. 5.ed. Porto Alegre: 
Artmed, 2013. 918p.
WANG, Y.; LI, C.; TU, C.; HOYT, G.D.; DEFOREST, J.L.; 
HU, S. Long-term no-tillage and organic input management 
enhanced the diversity and stability of soil microbial Community. 
Science of the Total Environment, v.609, p.341-347, 2017. DOI: 
https://doi.org/10.1016/j.scitotenv.2017.07.053.
ZOBIOLE, L.H.S.; CASTRO, C. de; OLIVEIRA, F.A. 
de; OLIVEIRA JUNIOR, A. de. Marcha de absorção 
de macronutrientes na cultura do girassol. Revista 
Brasileira de Ciência do Solo, v.34, p.425-433, 2010. DOI: 
https://doi.org/10.1590/S0100-06832010000200016.
